We report here a new staining procedure which uses both the enzymatic dehydrogenation of 2-(piodophenyl)-3-p-(nitrophenyl)-5 phenyltetrazolium chloride to a pink intracellular formazan and the DNAspecific fluorochrome 4',6'-diamidino-2-phenylindole. Application of this staining procedure to cells concentrated on filters and then transferred to microscope slides by the filter-transfer-freeze technique has proven valuable for statistically accurate enumeration of the total viable and metabolically active cells in groundwaters.
Direct microscopic counts that use fluorochrome stains have become increasingly popular (4) because most naturally occurring communities cannot be enumerated accurately as CFU by culturing on various agar media (11) . Acridine orange (AO) is the most commonly used fluorochrome. However, more recently, other fluorochromes, such as DAPI (4',6'-diamidino-2-phenylindole), have come into more widespread use. DAPI does not complex with particulate matter or RNA but specifically binds double-stranded DNA, thereby indicating only cells with intact, possibly functional genomes (7) .
Whereas fluorochrome-stained-cell counts may approximate total living cells for heterotrophic bacterial communities in aquatic ecosystems, often a large proportion of the total cells are considered metabolically inactive, dormant, or in a temporary state of nutrient stress (9) . Thus, Zimmermann et al. (12) enumerating viable groundwater bacteria. By using the nalidixic acid method, Buchanan-Mappin et al. (2) showed that 7.5 to 34.6% of the cells were metabolically active and that the percentage varied with the substrate concentration and composition. Thus, less than one-third of groundwater com- (10) are complicated, time-consuming, and often unsuccessful. Our use of the more-specific DAPI stain also gave better optical contrast, because blue and red were more easily distinguished than orange and red. Also, DAPI does not fade as rapidly as AO, and DAPI does not complex with particulate matter. Because <100% of the bacteria in groundwater communities can form colonies on agar media (indeed, usually <1% of the total bacteria can be grown), staining and enumeration by such methods as INT-DAPI-FTF are important tools for groundwater microbiological research. To our knowledge, this report is the first describing enumeration of INT+ bacteria in groundwaters and the first successful combined use of INT and DAPI anywhere.
We thank Marolyn Parson for suggesting the FTF technique.
